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本文利用 224Ra 和 228Ra 在三沙湾上混合层的质量平衡，对三沙湾的水体停留
时间和 SGD及其携带的陆源物质进行定量研究。结果如下：研究区域内冬季水体
停留时间为 8.14-19.02 d，夏季为 1.02-4.52 d；冬季 SGD 的通量为 3.31 ×
107-2.45 ×108 m³d-1，夏季通量为 9.23 ×107-1.88 ×109 m³d-1。三沙湾的 SGD
中，绝大部分为再循环海水，陆源淡水仅占 SGD总量的 0.06%-2.37%。研究区域
























地下水中 DIC 和 TA 的平均浓度分别为 3020.76 molL-1 和 3027.13 molL-1，研
究海域的 DIC 和 TA 的平均浓度分别为 1999.67 molL-1 和 2274.56 molL-1。此
外，东南沿岸地下水中 DIN一月、六月和十月的浓度平均值分别为 57.27 molL-
1、53.09 molL-1 和 70.55 molL-1，远高于六月航次研究海域的 DIN平均值。
由 224Ra/226Ra 和 224Ra/228Ra 计算得到东山海域的水体停留时间分别为 4.95  2.19 
d 和 2.37  1.43 d，基于此停留时间的 SGD 通量分别为 0.12  0.06 m3m-2d-1 和



























Radium isotopes derived from the decay of thorium parents, thorium remains 
tightly bound to particles, though its daughters are mobilized in the marine environment. 
The half-lives of 223Ra, 224Ra, 226Ra, 228Ra were 11.4 days, 3.6 days, 1600 years and 
5.75 years, respectively. The difference of the half-lives provide powerful constraints 
on mixing of water masses and chemical exchange in the coastal ocean (Moore, 1998). 
In addition to this, the short lived radium istopotes are effectively in tracing on a 
timescale of days to tens of days’ oceanographic processes, and on this period the decay 
of longer lived radium isotopes can be ignored (Moore, 1998; Moore, 2000). Submarine 
groundwater discharge (SGD) is an important process of land-sea interactions and water 
circulation, as well as the water transport and material input into the coastal ocean, have 
an important impact on the coastal environment. SGD as an important source of radium 
isotopes, with a clear difference in activity to the outer seawater, and radium isotopes 
are easy to measure accurately, so that radium isotopes become excellent tracer for SGD. 
In addition, the long lived radium isotopes are important tracers to water mass 
movement and mixing and other oceanographic processes with large timescale. 
Sansha Bay and Dongshan Island belong to the subtropical maritime climate zone, 
year-round mild and humid, with four distinct seasons. Sansha Bay is located in the 
north exit of the Taiwan Strait, and Dongshan Island is located in the South Side. The 
Taiwan Strait as the only exchange channels between the South China Sea and the East 
China Sea, also communicates the water masses information between Sansha Bay and 
Dongshan Island. In this study, we used the radium isotopes to estimaite the residence 
time and flux of SGD in Sansha bay and Dongshan Island, at the same time, we 
evaluated the effects on coastal environment from terrigenous matters carried by SGD. 
Waters of Sansha and southeastern Dongshan Island are affected by aquaculture 
wastewater, and both of them are affected by water masses of the Taiwan Strait in 















many rivers in Fujian province, however, southeastern Dongshan Island is open region 
with no significant rivers and lakes; Coastal Sansha and southeastern Dongshan Island 
have different geological conditions and rainfall. 
This paper aims to use mass balance of 224Ra and 228Ra to estimate the residence 
time and the flux of SGD and carried matters of Sansha Bay. The results are as follows: 
In the study area, the water residence time of Sansha Bay was 8.14-19.02 days in winter, 
and 1.02 - 4.52 days in summer; The SGD flux in winter was 3.31×107-2.45×108 m³   
d-1, and 9.23×107-1.88×109 m³d-1 in summer. The most majority of SGD in Sansha Bay 
was recycled water, only 0.06% -2.37% in the total SGD was land-based source of fresh 
water. In the study area, the input flux of materials carried by SGD into the coastal sea 
is more impressive, and the total flux of DIN, DSi and SPR are (0.74-10.90) × 107 
mold-1 in winter, dissolved organic carbon (DOC) flux is (0.29-3.40) × 107 mold-1, 
total alkalinity (TA) flux is (0.81-58.70) × 107 mold-1; In summer, the total fluxes of 
DIN, DSi and SPR is (3.28-20.90) × 108 mold-1, DOC flux is (0.90-21.90) × 107 mold-
1, TA flux is (2.21-31.9) × 108 mold-1, respectively. Studies suggested that the fluxes of 
SGD and its carried matters in Sansha Bay are as important as the flow matters from 
local rivers, possibly even more important than the local river runoff. 
The groundwater in southeastern Dongshan Island is the only terrestrial input 
water of the study area, its substance concentration and seasonal variation have a major 
impact on the coastal environment. Coastal groundwater always be of high nutrients, 
high dissolved inorganic carbon (DIC) and high TA, causing a lasting impact on the 
coastal ecosystem. In June, the average concentrations of DIC and TA were 3020.76 
molL-1 and 3027.13 molL-1 in groundwater and 1999.67 molL-1 and 2274.56 
molL-1 in seawater, respectively. Thus, it may be inferred that groundwater may have 
visible impact on coastal waters, including waters acidification and coral bleaching. In 
addition, the average concentrations of DIN in southeast coastal groundwater in January, 
June and October are 57.27 molL-1, 53.09 molL-1 and 70.55 molL-1, respectively. 
Much higher than the average DIN of surface seawater of Dongshan in June.The 















1.43 days，and the flux of SGD basing on these residence time are 0.12  0.06 m3m-
2d-1 and 0.25  0.16 m3m-2d-1, respectively. 
 


















CTD Conductivity Temperature Depth 电导温度水深记录仪 
DIC Dissolved Inorganic Carbon 溶解无机碳 
DIN Dissolved Inorganic Nitrogen 溶解无机氮 
DO Dissolved Oxygen 溶解氧 
DOC Dissolved Organic Carbon 溶解有机碳 
DSi Dissolved Silicate 溶解硅酸盐 
RaDeCC Radium Delayed Coincidence Counter 镭延迟计数器 
SGD Submarine Groundwater Discharge 海底地下水排泄 
SPR Soluble Reactive Phosphorus 溶解活性磷酸盐 
TA Total Alkalinity 总碱度 
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